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An apparatus for preventing, detecting and predicting the formation and propagation of cracks in structural members includes a 
plurality of strain sensors (105) integrally formed with a patch (101) to be fixed to an area on the surface of the structural member. The 
patch operates to reduce stress levels in the patch-covered area for deterring the formation or propagation of a crack therein. The sensors 
monitor changes in the strain field in the patch-covered area for detecting crack formation and detection. The apparatus may also include 
a temperature-compensating strain sensor (107) and a temperature sensor (190) both integrally formed with the patch for detecting and 
predicting crack formation and propagation, respectively. 
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INSTRUMENTED PATCH FOR REPAIR OF 
FATIGUE DAMAGED OR SENSITIVE STRUCTURE 

FIELD OF THE INVENTION 

The present: invention generally relates to monitoring 
5 defects in structural members and, more particularly, to an 

apparatus for preventing, detecting, and predicting the 
formation and propagation of cracks in structural members 
which are subject to stress, 

BACKGROUND OF THE INVENTION 

10 Load-bearing structural members, such as metal 

aircraft skin, frame, and support members, have a tendency 
to crack at stress riser areas. Once formed, these cracks 
tend to propagate causing further damage. The end result 
could be failure of the members with consequent loss of 

15 equipment and productivity, and possibly even loss of life. 

In view of these serious considerations, very costly repair 
measures must be implemented to preserve the structural 
integrity of those members. 
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Several curative measures, if taken, would prove to be 
most advantageous in overcoming the problems associated 
with stress cracking in structural members: 1) to predict 
the formation of new cracks and the propagation of existing 
cracks at critical areas on the surface of a structural 
member; 2) to implement preventative measures to deter the 
formation and propagation of cracks in these areas; and 3) 
to detect the formation and propagation of cracks should 
the preventative measures fail. 

Some of these curative measures have been implemented 
in the prior art. For example, a variety of approaches have 
been developed to retard crack growth in structural 
members. One approach, as disclosed in U.S. Patent No. 
5,023,987, involves using a repair patch to repair damaged 
areas on composite skin structures such as aircraft wings. 
The patch is unitary in form and is fabricated from the 
same composite material used to construct the aircraft 
wing. Once fixed to the aircraft wing, the patch reduces 
stress levels in the damaged area to retard further 
structural damage. Similarly, U.S. Patent No. 5,034,254 
discloses a patch for repairing damaged areas on load- 
bearing, composite panels. This patch conforms to the 
curvature of the panel on which it is to be fixed and 
restores the panel to nearly its original load-carrying 
capability. 
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One drawback associated with the use of repair patches 
is the cost and inconvenience associated with having to 
remove and then remount the patch when performing a visual 
inspection for crack formation and propagation. 

U.S. Patent No. 4,179,940 discloses a technique for 
predicting crack formation in patch-covered areas on a 
structural member without removing the patch. Under this 
technique, crack initiation prediction is determined as a 
function of strain measurements taken in a patch-covered 
area on the surface of a metal aircraft frame member as 
that member is stressed towards fatigue failure. The patch 
used to implement this technique contains two strain gauges 
which are in fluid communication with one another beneath 
a sealed, pressurized cavity. Unlike the repair patches 
discussed above, however, this patch is constructed from a 
material which has no load-bearing properties and thus is 
unable to reduce stress levels in damaged areas on the 
surface of a structural member to deter crack formation or 
propagation. 

At best, the prior art offers only a partial solution 
to the problems associated with stress cracking in 
structural members. Some prior art references address the 
crack detection problem while others address the crack 
prevention problem. None, however, offer all of the 
curative measures discussed above. Accordingly, a need 
exists for a method and apparatus which provides a complete 
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solution to the problems presented by stress cracking in 
structural members which is achieved by implementing a 
three-pronged approach - the prevention, detection, and 
prediction of the formation and propagation of stress 
5 cracks in structural members. 

SUMMARY OF THE INVENTION 

Accordingly, it is a principal objective of the 
present invention to provide an apparatus for preventing, 
detecting, and predicting the formation and propagation of 
10 stress cracks in patch-covered areas on the surface of a 

structural member. 

It is another objective of the present invention to 
provide an apparatus for detecting the formation and 
propagation of cracks in a structural member with enhanced 
15 sensitivity achieved through the implementation of 

temperature compensating measures. 

It is another objective of the present invention to 
provide an apparatus for preventing, detecting, and 
predicting the formation and propagation of cracks in 
2 0 structural members made from a wide variety of materials. 

It is another objective of the present invention to 
provide an apparatus for preventing, detecting, and 
predicting the formation and propagation of cracks in a 
structural member which has a versatile design that can 
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accommodate a variety of sensor arrangements, sensitivities 
and types for meeting application-specific requirements. 

It is another objective of the present invention to 
provide an apparatus for accomplishing in situ and off-line 
5 detection of the formation and propagation of cracks in a 

structural member. 

It is another objective of the present invention to 
provide an apparatus for predicting and detecting the 
propagation of cracks on the surface of a structural member 
10 having a sensor configuration tailored to match the 

specific characteristics of each crack to thus eliminate 
the need for performing excessive field work. 

7 

The foregoing and other objectives of the invention 
are achieved by providing an apparatus for preventing, 

15 detecting, and predicting the formation and propagation of 

cracks in structural members. The apparatus includes a 
plurality of strain sensors integrally formed with a patch 
to be fixed to an area on the surface of a structural 
member where a crack may be expected to form or where a 

2 0 crack already exists. The load-bearing properties of the 

patch enable it to reduce stress levels in the patch- 
covered area for deterring the formation or propagation of 
a crack therein. The strain sensors monitor the strain 
field in the patch-covered area. The formation or 

2 5 propagation of a crack in the patch-covered area causes a 



WO 95/14917 PCT/US94/12216 

6 

stress redistribution which can be detected by the strain 
sensors as a corresponding change in the strain field. The 
strain sensors output a signal indicative of this stress 
change which is processed for detecting crack formation in 
5 the patch-covered area. 

The apparatus may also include a temperature- 
compensating strain sensor integrally formed with the patch 
which measures an external strain field in the patch- 
covered area for deriving a signal indicative of the 

10 temperature-induced stress. This temperature-dependent 

signal is then compared with the signal provided by the 
strain sensors to generate a signal indicative of the 
-strain existing in jthe patch-covered area which is free 
from strain contributions due to temperature- induced 

15 stress. This temperature-compensated signal is then 

processed to detect crack propagation and detection in the 
patch-covered area. 

The apparatus may also be equipped with a temperature 
sensor integrally formed with the patch for generating a 
2 0 signal indicative of the surface temperature of the member, 

which is then used to predict crack formation and 
propagation in the patch-covered area at extreme 
temperatures. 
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These and other objectives, features and advantages of 
the invention are disclosed in or apparent from the 
following description of preferred embodiments. 

BRIEF DESCRIPTION OF T HE DRAWINGS 
5 The preferred embodiments are described with reference 

to the drawings in which: 

Fig. 1 is a diagram showing the most basic form of the 
apparatus of the present invention; 

Fig. 2 is a graph showing the redistribution of stress 
10 that occurs around a crack on the surface of a structural 

member that results from crack propagation ; 

Fig. 3 is a diagram showing a most preferred 
embodiment of the apparatus of the present invention 
incorporating Bragg reflection strain sensors; 
15 Fig. 4 is a detailed diagram showing the specific 

configuration of a Bragg reflection strain sensor used in 
connection with the present invention; 

Fig. 5 is a diagram showing the orientation of the 
strain sensors used in the apparatus of the present 
20 invention for achieving crack propagation detection; 

Fig. 6 is a diagram showing a specific embodiment of 
the apparatus of the present invention which contains a 
temperature sensor for predicting crack formation and 
propagation; 

25 Fig. 7 is a diagram showing a preferred embodiment of 

the apparatus of the present invention incorporating an 
extrinsic Fabry-Perot interferometer sensor; and 
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Fig. 8 is a graph showing the strain experienced by 
the Fabry-Perot interferometer ' sensor incorporated in the 
apparatus of Fig. 7 as a function of cyclic loading. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
5 Referring to Fig. 1, the most basic form of the 

invention contemplates a patch-sensor assembly 1 which 
includes a pair of strain sensors 3, a temperature- 
compensating strain sensor 4, and a repair patch 2. Repair 
patch 2 is a structural member which is made of a strong, 

10 resilient material having load-bearing properties. If 

desired, patch 2 may be made of the same material from 
which the structural member is made so it advantageously 
may demonstrate the same load-bearing properties as the 
structural member. In addition, patch 2 may be pliable so 

15 as to conform with the topology of any surface to which it 

is attached. 

Strain sensor pair 3 and temperature-compensating 
strain sensor 4 are substantially flat in geometry and may 
be selected from a wide variety of sensor arrangements with 

2 0 varying sensor sensitivities. For example, sensors 3 and 

4 may be of the resistive wire foil, fiber optic or 
semiconductor type. Although three strain sensors are 
depicted in Fig. 1, the specific number and types of sensor 
arrangements used and the manner in which those sensors are 

2 5 integrated onto the patch are selected to be commensurate 

with the nature and purpose of the intended application of 
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the patch-sensor assembly and the desired level of sensor 
sensitivity required to perform that application. 



The patch-sensor assembly may be constructed in a 
variety of ways. Sensors 3 and 4 may be formed integrally 

5 with patch 2 by being either embedded within the body of 

the patch or bonded flush to one of its surfaces. Sensors 
3 and 4 also may be attached directly onto the surface of 
a member to be monitored. In this case, patch 2 would be 
placed over sensors 3 and 4 and then then secured to the 

0 surface of the member . 

The patch-sensor assembly of the present invention 
prevents, detects, and predicts the formation and 
propagation of cracks in structural members, including 
metallic structural members, such as frame and support 

5 members used in aircraft, ships, pressurized vessels, and 

beams used in the construction of bridges and buildings, as 
well as non-metallic structural members, such as those 
constructed from wood, plastic or composite materials. 
Patch^sensor assembly 1 most advantageously performs the 

0 above-described functions in areas on a structural member 

which are obstructed from view and therefore which are not 
easily inspected. Such areas include those containing weld 
lines, inaccessible areas on frame support members used, 
for example, in the construction of bridges, ships or 

5 aircraft, and portions of members being eclipsed by other 
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structures such as the ribs of a ship hull and beams in a 
building. 

More specifically, patch-sensor assembly 1 performs at 
least the following essential functions: 1) preventing the 
formation of new cracks and the propagation of existing 
cracks in patch-covered areas on the surface of a 
structural member; 2) detecting the formation of new cracks 
and propagation of existing cracks in those areas should 
the patch fail to prevent such damage; and 3) predicting 
crack formation and propagation in those areas. 

Crack formation and propagation prevention is achieved 
by fixing patch-sensor assembly 1 to a fatigue sensitive 
area on the surface of a structural member where a crack is 
very likely to form or where an existing crack already 
exists. Once in place, the load-bearing properties of 
repair patch 2 enable it to reduce stress levels in the 
patch-covered area by assuming a portion of the load that 
the patch-covered area would otherwise experience. This 
stress reduction lessens the likelihood that a crack will 
form or an existing crack will propagate in that area. 

Crack formation and propagation detection likewise is 
achieved by fixing patch-sensor assembly 1 to a fatigue 
sensitive area on the surface of a structural member or to 
an area where a crack already exists. Once in place, strain 
sensor pair 3 monitors the strain field in the region in 
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and surrounding the patch-covered area. The formation or 
propagation of a crack, or both, in this area results in a 
redistribution of stress in the region under discussion 
which can be measured by strain sensor pair 3 as a 
5 corresponding change in the strain field. Signals 

proportional to the measured change in the strain field are 
processed to provide an indication that a crack has formed 
or propagated in the patch-covered area. 

Fig, 2 is a graph showing, for illustrative purposes, 
10 the stress redistribution that occurs around a crack when 

a member is subject to a unidirectional tensile load P. 
Curve A represents the stress distribution a xx around the 
crack before it propagates, and Curve B represents the 
stress distribution a xx around the crack after propagation 
15 has occurred. The quantity Aa represents the change in the 

stress distribution around the crack that occurs as a 
result of crack propagation. 

In addition to crack formation and propagation 
detection, measuring the strain field in the region in and 

2 0 surrounding the patch-covered area permits patch-sensor 

assembly 1 to detect anomalies in the structural integrity 
of the patch itself. Such anomalies include tears and 
holes forming in the patch, instances where the patch 
becomes wholly or partially detached from the surface of 

25 the structural member, or any other defect in the repair 

patch which may cause it to no longer provide the force 
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required to reduce stress levels in the patch-covered area 
for deterring crack formation and propagation. Anomalies 
in the structural integrity of the patch also produce a 
strain field redistribution in the region under discussion 
5 which can be detected by strain sensor pair 3. 

Referring to Fig. 3, a most preferred embodiment of 
the present invention contemplates a patch-sensor assembly 
100 including a repair patch 101, two Bragg reflection 
strain sensors 105, a temperature-compensating Bragg 

10 reflection strain sensor 107, optical fiber transmission 

lines 110, a transmitter 115, a receiver 120, a beam 
splitter 125, and a processor 13 0. As previously 
discussed, any variety of strain sensors may incorporated 
into the patch-sensor assembly. Bragg reflection strain 

15 sensors are used in the present embodiment for their 

enhanced sensitivity characteristics. 

A preferred Bragg sensor is arranged as follows: As 
depicted in Fig. 4, a Bragg reflection strain sensor 60 is 
attached to the end of an optical fiber transmission line 

2 0 62 by using an optical grade epoxy or a fusion splice. 

Radiation transmitted to the Bragg sensor is reflected by 
a reflector 65 which, in turn, generates a Bragg grating 
64. Changes in the Bragg grating resulting from strain 
changes on the surface of a structural member can be 

25 detected to determine crack formation and propagation, as 

will be explained in greater detail below. The overall 
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operation of suitable Bragg reflection strain sensors used 
to monitor strain on the surface of a structural member is 
disclosed in pending U.S. Patent Application Serial No. 
713 , 503 . 

Transmission lines 110 are selected to be compatible 
with the type of strain sensor integrated into the patch. 
Accordingly, in the present embodiment, transmission lines 
110 may be single-mode optical fibers which propagate laser 
light between beam splitter 125 and Bragg reflection strain 
sensors 105 and 107. Beam splitter 125 discriminates 
between light transmitted by transmitter 115 and received 
by the Bragg reflection strain sensors through transmission 
lines HO! Transmitter 115 preferably is a diode laser 
transmitting laser light at a single pre -determined 
wavelength, and receiver 120 preferably is a photodiode. 

The orientation of patch-sensor assembly 100 with 
respect to the surface of a structural member is determined 
based on the purpose for which assembly 100 is being used. 
When used for crack formation detection, assembly 100 must 
be fixed to the surface of a structural member so that 
strain sensors 105 are disposed in an area subject to high 
fatigue stress where a crack may be expected to form. 
Patch-sensor assembly 100 may be adapted to include a 
plurality of pairs of strain sensors 105 for monitoring 
various fatigues sensitive regions under repair patch 101. 
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When used for crack propagation detection, assembly 
100 roust be fixed to the surface of a structural member so 
that each strain sensor 105 is disposed just beyond an end 
18 0 of an existing crack 110 on the surface of a structural 
5 member, as depicted in Fig. 5- In this case the patch- 

sensor assembly may be modified to include a number of 
strain sensors equal to the number of ends possessed by a 
crack to be monitored. In the specific embodiment depicted 
in Fig. 5, the patch-sensor assembly contains two strain 
10 sensors for monitoring the propagation of a crack having 

two ends . 

Patch-sensor assembly 100 may be used to detect 
simultaneously the formation of new cracks and the 
propagation of existing cracks in the region being covered 
15 by the patch. In such case, pairs of strain sensors 105 

must be oriented on the patch in the above-described 
manner. 

Regardless of whether the patch-sensor assembly is 
used for crack formation or propagation detection, 

20 temperature-compensating strain sensor 107 must be situated 

on the patch so that it lies outside of the external strain 
field, e.g., a zero-strain region or an area which is free 
from strain attributable to external mechanical loading. 
In this way, temperature-compensating strain sensor 107 

25 functions to monitor only temperature-induced strain 

changes on the surface of a structural member. 
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In operation, the Bragg reflection strain sensors 
continuously monitor the strain field in the region 
underlying and immediately surrounding patch-sensor 
assembly 100* The formation of a new crack, the propagation 
of an existing crack, or an anomaly in the structural 
integrity of the patch produces a redistribution of stress 
in this region. In the specific case of crack propagation, 
as depicted in Fig. 4, the propagation of an end of an 
existing crack towards a strain sensor 105 produces a 
stress redistribution in the form of a stress reduction in 
the immediate area occupied by the crack and a stress 
enhancement in the immediate area underneath the sensor. 
This stress redistribution produces a change in the strain 
field in the same region which is detected by strain 
sensors 105 as a corresponding change in the resonant 
frequency of the Bragg grating. Changes in the resonant 
frequency of the Bragg grating cause the intensity of the 
single wavelength laser light tranmitted to sensors 105 to 
be modulated. The laser light has a finite bandwidth of 
the type that would be produced, for example, by a 
broadband super luminescent diode. An optical signal 
proportional to this intensity modulation is reflected down 
a separate transmission line to beam splitter 125 where it 
is diverted to photodiode receiver 120 and converted into 
an electrical signal. Processor 130 then processes the 
electrical signal to derive a strain signal for determining 
whether a crack has formed or propagated in the patch- 
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covered area, or whether some anomaly has occurred to the 
structural integrity of the patch. 

Simultaneously, temperature-compensating strain sensor 
107 measures temperature- induced strain in an area on the 
surface of the structural member which lies outside the 
external strain field* Sensor 107 transmits an optical 
signal proportional to the strain in this area through a 
transmission line to a temperature-compensating processor, 
which processes this signal to provide a strain signal 
indicative of temperature- induced stress in the, patch- 
covered areas. This temperature-induced strain signal is 
then subtracted from the signal derived from strain sensor 
pair 105 to generate a strain signal independent of 
temperature-induced stress which is indicative of the 
stress levels existing in the patch-covered area. The 
temperature-independent strain signal is then processed to 
determine whether a crack has formed or propagated in the 
patch-covered area, thereby distinguishing changes in the 
strain field caused by crack formation or propagation from 
changes in the strain field resulting from temperature- 
induced expansion or contraction in an otherwise undamaged 
member . 

The temperature-compensating processor may be a part 
of processor 13 0 or a separate processor which communicates 
with processor 13 0 for processing the above-described 
signals. 
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Patch-sensor assembly 100 may be adapted to include a 
plurality of pairs of strain sensors for detecting crack 
formation in a plurality of areas under the patch or the 
propagation of a plurality of cracks in that patch-covered 
area. In addition, a plurality of patch-sensor assemblies 
may be distributed over a variety of regions on the surface 
of a structural member and then multiplexed on a single 
optical fiber transmission line for input into a processor. 
Multiplexing patch-sensor assemblies provides the advantage 
of reducing the number of access leads to each sensor. 

Extreme temperature conditions may cause cracks to 
form or propagate in structural members subject to high 
stress whose strength characteristics materially change 
with temperature. Patch-sensor assembly 100 may be modified 
to include a temperature sensor 190 for predicting crack 
formation and propagation at extreme temperatures in 
members demonstrating such characteristics. As shown in 
Fig. 6, temperature sensor 190 may be integrated onto the 
patch in a manner identical to that used to integrate 
strain sensors 105 and 107 onto the patch. In operation, 
sensor 190 provides a signal proportional to the 
temperature of the surface of the structural member. This 
temperature signal, when viewed in light of existing stress 
conditions derived from the strain measurements taken by 
sensors 105 and 107, can be used to predict whether a 
crack is likely to form or propagate in the patch-covered 
area as a result of the extreme temperature conditions. If 
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desired, sensor 19 0 may be multiplexed onto the 
transmission lines connecting strain sensors 105 and 107. 

In another preferred embodiment of the present 
invention, patch-sensor assembly 100 includes a repair 
patch employing an extrinsic Fabry-Perot interferometer 
(EFPI) strain sensor. Like Bragg reflection strain 
sensors, the EFPI sensor has increased sensor sensitivity 
for detecting strain changes and thus can outperform 
traditional strain sensors, such as resistive foil strain 
gauges, in the detection of crack formation and propagation 
in structural members. And, as with other embodiments , the 
EFPI sensor may be either attached directly to the surface 
of a member to be monitored or formed integrally with a 
repair patch . 

A patch-sensor assembly using an EFPI sensor, or a 
Bragg reflection strain sensor, provides at least one other 
advantage - the detection of non-local crack formation and 
propagation. A patch-sensor assembly which, uses an EFPI 
sensor need not be placed in the vicinity of the crack end 
in order to detect crack propagation. Rather, the EFPI 
sensor can detect the redistribution of strain forces in 
the structural member with sufficient sensitivity to 
achieve reliable crack propagation detection even if it is 
placed in an area remote from a crack. Figs. 7 and 8 
further illustrate this point. 
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Fig. 7. shows an EFPI sensor 4 00 having a 3 . 1 mm gauge 
length mounted on one side of a hole 415 in an aluminum 
structural member 405- A non-local crack 410 whose 
propagation is to be monitored is located on the other side 
5 of the hole. The patch is omitted in this diagram. Fig. 

8 is a graph showing a plot of the strain experienced by 
the EFPI sensor as member 405 is subjected to increased 
cyclic loading. Stress applied to the aluminum member by 
the cyclic loading causes crack 410 to propagate in a 

10 direction away from sensor 400. The curve plotted on that 

graph shows that, as the strain increases in the member, 
crack propagation becomes detectable by the EFPI sensor 
well before 29 , 000 cycles, the point at which the crack 
propagation can be first visually observed. And, most 

15 significantly, crack propagation detection is achieved 

without the crack ever having once propagated through the 
gauge length of the EFPI sensor. 

Other modifications and variations to the invention 
will be apparent to those skilled in the art from the 
2 0 foregoing disclosure and teachings. Thus, while only 

certain embodiments of the invention have been specifically 
described herein, is will be apparent that numerous 
modifications may be made thereto without departing from 
the spirit and scope of the invention. 
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WHAT IS CLAIMED IS: 

1. An apparatus for preventing and detecting formation or 
propagation of a crack in a structural member, said 
apparatus comprising: 

a patch adapted to be fixed to a surface of a 
structural member for bearing a portion of a load on said 
surface and thereby reducing stress levels in a patch- 
covered area on the surface of the member lying under the 
patch; and 

strain-sensing means integrally f ormed with said patch 
for sensing a strain field in a fatigue sensitive region 
within the patch-covered area, said strain-sensing means 
providing a signal indicative of changes in the strain 
field in said fatigue sensitive region. 

2. The apparatus of claim 1, further comprising: 
temperature-compensating strain-sensing means 

integrally formed with said patch for providing an external 
strain field signal indicative of the strain field in an 
area which lies outside of said fatigue sensitive area 
within the patch-covered area. 

3. The apparatus of claim 2, further comprising: 

first processing means for processing the signal from 
said strain-sensing means to provide a first strain signal 
indicative of a stress distribution in said fatigue 
sensitive region; 
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first transmitting means for transmitting the strain 
signals from said strain-sensing means to said processing 
means ; 

second processing means for processing the external 
strain field signal to provide a second strain signal 
indicative of temperature- induced stress in said area which 
lies outside of said fatigue sensitive area within the 
patch-covered area; and 

second transmitting means for transmitting the signal 
from said temperature-compensating strain-sensing means to 
said second processing means; and 

comparison means for comparing said first and said 
second strain signals to obtain a temperature- independent 
strain signal indicative of a contribution to the strain 
field in the fatigue-sensitive region caused by the 
formation or propagation of a crack in said region. 

4. The apparatus of claim 3, wherein said first and said 
second processing means are a single processor* 

5. The apparatus of claim 1, further comprising extreme 
temperature-sensing means formed integrally with said patch 
for providing a signal proportional to the temperature of 
said structural element in said patch— covered area in order 
to predict possible formation or propagation of a crack in 
said fatigue sensitive area resulting from extreme 
temperature conditions . 
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6. The apparatus of claim 1, wherein said structural 
member is constructed from the group of materials 
consisting of metal, wood, plastic, concrete or a composite 
structural material, 

7. The apparatus of claim 2, wherein said strain-sensing 
means and said temperature-compensating strain-sensing 
means are constructed from one of the group of strain- 
sensing devices consisting of wire foil strain-sensing 
devices, semiconductor strain-sensing devices, or optical 
fiber strain-sensing devices. 

8. The apparatus of claim 2, wherein said strain-sensing 
means and said temperature-compensating strain-sensing 
means are Bragg reflection strain sensors . 

9. The apparatus of claim 1, wherein said strain-sensing 
means is an extrinsic Fabry-Perot interferometer sensor and 
wherein said fatigue sensitive region is a location remote 
from an area where a crack has formed or is expected to 
form, 

10. The apparatus of claim 2, wherein said strain-sensing 
means is an extrinsic Fabry-Perot interferometer sensor and 
wherein said fatigue sensitive region is a location remote 
from an area where a crack has formed or is expected to 
form. 
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11. The apparatus of claim 2, wherein said strain-sensing 
means is a Bragg reflection strain sensor and wherein said 
fatigue sensitive region is a location remote from an area 
where a crack has formed or is expected to form. 

5 12 . An apparatus for preventing and detecting formation or 

propagation of a crack in a structural member , said 
apparatus comprising: 

a patch adapted to be fixed to a surface of a 
structural member; 

10 strain-sensing means integrally formed with said patch 

for sensing a strain field in a fatigue sensitive region 
Within the patch-covered area, said strain-sensing means 
providing a signal indicative of changes in the strain 
field in said fatigue sensitive region; and 

15 temperature-compensating strain-sensing means 

integrally formed with said patch for providing an external 
strain field signal indicative of the strain field in an 
area which lies outside of said fatigue sensitive area 
within the patch-covered area. 

13. The apparatus of claim 12, further comprising: 

first processing means for processing the signal from 
said strain-sensing means to provide a first strain signal 
indicative of a stress distribution in said fatigue 
5 sensitive region; 
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first transmitting means for transmitting the strain 
signals from said strain-sensing means to said processing 
means ; 

second processing means for processing the external 
strain field signal to provide a second strain signal 
indicative of temperature-induced stress in said area which 
lies outside of said fatigue sensitive area within the 
patch-covered area; and 

second transmitting means for transmitting the signal 
from said temperature-compensating strain-sensing means to 
said second processing means; and 

comparison means for comparing said first and said 
second strain signals to obtain a temperature- independent 
strain signal indicative of a contribution to the strain 
field in the fatigue-sensitive region caused by the 
formation or propagation of a crack in said region. 

14. The apparatus of claim 13 , wherein said first and said 
second processing means are a single processor. 

15. The apparatus of claim 12, further comprising extreme 
temperature-sensing means formed integrally with said patch 
for providing a signal proportional to the temperature of 
said structural element in said patch-covered area in order 
to predict possible formation or propagation of a crack in 
said fatigue sensitive area resulting from extreme 
temperature conditions. 
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16. The apparatus of claim 12 , wherein said structural 
member is constructed from the group of materials 
consisting of metal, wood, plastic, concrete or a composite 
structural material . 

17. The apparatus of claim 12, wherein said strain-sensing 
means is an extrinsic Fabry-Perot interferometer sensor and 
wherein said fatigue sensitive region is a location remote 
from an area where a crack has formed or is expected to 
form. 

18. The apparatus of claim 12, wherein said strain-sensing 
means and said temperature-compensating strain-sensing 
means are constructed from one of the group of strain- 
sensing devices consisting of wire foil strain-sensing 
devices, semiconductor strain-sensing devices, or optical 
fiber strain-sensing devices. 

19. The apparatus of claim 12, wherein said strain-sensing 
means and said temperature-compensating strain-sensing 
means are Bragg reflection strain sensors. 

20. The apparatus of claim 12, wherein said temperature- 
compensating strain— sensing means is an extrinsic Fabry- 
Perot interferometer sensor. 
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21. A method for detecting formation or propagation of a 
crack in a structural member, comprising the steps of: 

fixing a repair patch to a surface of a structural 
member such that said repair patch covers an area on said 
5 surface containing at least a portion of a crack and 

operating to reduce a level of stress in said area by 
bearing a portion of a load on said surface; 

sensing changes in the strain field in said area and 
deriving therefrom a first strain signal indicative of the 
stress distribution in said patch-covered area; 

22. The method of claim 21, further comprising the steps 
of: 

sensing the temperature of the member in the patch- 
covered region and providing a signal proportional thereto; 
5 and 

processing said temperature signal to predict 
temperature-induced formation or propagation of a crack in 
said patch-covered area. 

23. A method for detecting formation or propagation of a 
crack in a structural member , comprising the steps of: 

fixing a repair patch to a surface of a structural 
member such that said repair patch covers an area on said 
5 surface containing at least a portion of a crack; 

sensing changes in the strain field in said area and 
deriving therefrom a first strain signal indicative of the 
stress distribution in said patch-covered area; 



WO 95/14917 PCT/US94/12216 

27 

sensing the strain field in an area under the patch 
lying outside of the area occupied by the crack and 
deriving therefrom a second strain signal indicative of 
temperature-induced stress in an area within said patch- 
covered area which lies outside of the area occupied by the 
crack; and 

comparing said first and said second strain signals to 
determine an amount of said first strain signal which 
results from formation or propagation of the crack in said 
patch-covered area . 

24. The method of claim 23 , further comprising the steps 
of: 

sensing the temperature of the member in the patch- 
covered region and providing a signal proportional thereto; 
and 

processing said temperature signal to predict 
temperature-induced formation or propagation of a crack in 
said patch-covered area . 
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